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Introduction
Opt imal diabetes management among youth requires regular, comprehensive behavioral monitoring coupled with timely and acceptable clinical and social support. Support is most successful when it involves multiple stakeholders-clinical care team, parents, peers, an engaged patient-all aligned in a developmentally appropriate treatment program.
1-3 Key elements of this chronic care model (CCM) 4,5 include the timely flow of information to patients and individualized targeting of clinical services. The coherence of this model is threatened as youth move from adolescence to adulthood and undertake social, developmental, and health care transitions. Fractured service and information systems pose problems for maturing youth who are changing social roles, living arrangements, and health care relationships. Risks for nonadherence and clinical and social complications are amplified when youth encounter and "fall through the cracks" of fragmented care environments. 6 Onset or intensification of adolescentpatterned risk behaviors and shifting to adult internal medicine settings may reduce self-care and adherence. Risks can be ameliorated through readiness assessment, self-care training, transition planning, screening, and social support interventions. [7] [8] [9] [10] [11] These strategies are underutilized in pediatric specialty care 12 and are undermined by the geographic mobility of this population.
In this article, we describe a model for using the personally controlled health record (PCHR) to improve patterns of clinical care and self-management of diabetes among adolescents. Our approach is predicated on the assumption that engaging diabetes-affected youth with a personally controlled, nomadic, and longitudinal health record ameliorates care and reduces complications by improving the continuity of health information, coherence of care delivery, timeliness, and accessibility of clinical and social supports. We describe the IndIvo TM PCHR and its configuration as a platform that supports thirdparty applications. Applications can be designed that are particularly appropriate for use by adolescents throughout transitions and that are suitable to the rapidly evolving health information system ecosystem.
Personally Controlled Health Record
The PCHRs are a special category of personal health record (PHR), 13 a much discussed technology that is the focus of considerable policy and market sector activity intensifying under the Health Information Technology for Economic and Clinical Health (HITECH) Act. 14 The PCHR model is for a digital Web-based collection of a patient's comprehensive medical history: copies of medical records, reports about diagnosed medical conditions, medications, vital signs, immunizations, laboratory results, and personal characteristics. The PCHR design integrates medical and social information across sites of care and over time within a structure that is readily accessible to and controlled by individuals, 15 a feature that distinguishes them from PHRs. 16 User control is governed by subscription and access control mechanisms and annotation capabilities. 17 The emphasis on individual control within the PCHR may help overcome barriers to information flow across institutional borders and foster patient buyin, engagement, and long-term commitment. Increasing individuals' abilities to view and share medical histories and clinical decision support messages is assumed to result in better self-care, reductions in treatment and medication errors, and improved health. [18] [19] [20] [21] The PCHR can support real-time data exchange with clinical and social supports via a patient-controlled sharing feature, enabling shared views and decision making with providers and peers/social supports. Such a feature may be particularly helpful in supporting youth who are making transitions, whose clinical and social supports may be geographically remote. Among early adopters of PCHR systems, high levels of support have been observed for sharing personal health information through a PCHR platform for care improvement or research purposes, including among young adults who are the target group for health care transitions. 22, 23 The PCHR development at Children's Hospital Boston has resulted in the open-source IndIvo PCHR, designed to serve as a lifelong record to promote patient engagement and activation in disease management, communication with clinicians, and shared decision making, factors that may improve transitions, adherence, and health (see Figure 1) . 24 IndIvo leverages the individual's right to a copy of his or her record, making it possible to generate a persistent longitudinal medical record that would outlast the relationship that each patient has with a particular provider or health care system. The HITECH Act contains provisions entitling patients to electronic copies of their vital medical records and allowing them to have the records exported from electronic health records to a PCHR of their choicethese provisions will promote substantial data liquidity and enable integration of an individual's information over time and across sites of care. IndIvo records and toolkits are controlled by patients and families who grant permissions to clinicians, researchers, and institutions. 15 In recognition of the rapidly evolving health information ecosystem in which PCHR value is likely to be applications oriented, PCHRs are developed as Web-based communications and service platforms. 25 The platform model layers onto the core system third-party applications and tools relevant to cohort and intervention studies, care improvement, and public health efforts. We have likened this model to the success of the iPhone platform, which currently supports over 200,000 applications developed by third parties. 26 Configured as such, PCHRs can enable development, by us and others, of supportive interventions tailored to individual patient needs to boost adherence and self-management.
We propose leveraging the PCHR platform approach to foster safer transitions among youth with diabetes by addressing problems related to fragmentation of health information, through
• engaging youth with their health information to foster early and improved self-management and selfcare, health literacy, and shared decision making;
• integrating diabetes care medical records with other health and medical records to support comprehensive care, tracking, and attention to adherence, treatment side effects, comorbidities, care processes, and behavioral and lifestyle patterns; and
• supporting applications, communication with social and clinical supports, and connection with research.
The comparison of the traditional health record model and the patient-centered PCHR model is summarized in Table 1 .
Affording Opportunities to Monitor Health Risk Behaviors and Psychosocial Problems for Improved Care
Psychosocial stressors and health risk behaviors worsen the potentially adverse effects of poorly managed transitions. 27, 28 Empowerment of diabetes-affected youth, their families, and the clinicians who care for them to detect and protect against these risks is limited by gaps in behavioral reporting/screening during older adolescence/emergent adulthood, poor communication, and discontinuities in care and insurance. 7, [29] [30] [31] The PCHR survey module can support "real-time" structured and semistructured self-reporting about these factors, with the option to share information with clinical and social supports through the PCHR sharing feature. Collection and storage in PCHRs of data about health risk behaviors and psychosocial status for self-review and sharing with clinical and social supports may ameliorate gaps and improve detection, care, and prevention. The model of long-term multistakeholder monitoring may be especially important given findings that substantial periods of monitoring and "good" glycemic control are necessary to minimize the risks for complications. 32 This model has not yet been tested.
Aligning the Personally Controlled Health Record Platform Model with an Evolving Chronic Care Model
The PCHR platform approach is grounded in a conceptualization of the CCM that is centered on effective use of patient-centered health information technology (HIT). Use of a PCHR platform to bridge care environments and support self-care tracking reflects key aspects of the CCM, 5,33,34 including (a) patient-and familycentered care, (b) improved communication, (c) central access to the patient's health record, and (d) information support leading to (e) a proactive care team and (f) the development of explicit care plans. This interaction of an activated patient with a proactive, integrated health care team is designed to achieve optimal outcomes. [35] [36] [37] The CCM has been validated in adult patients with chronic illnesses such as diabetes mellitus, congestive heart failure, depression, asthma, and chronic lung disease. [38] [39] [40] Our effort focuses on supporting diabetes self-management through effective use of HIT-specifically the PCHR platform-and adoption/application of a systems view of health care services and behavior. 41 Health information technology is integral to the CCM. It is estimated that successful implementations of HIT have yielded total cost savings of over $150 billion. 42 A review of 109 studies of HIT systems for improving chronic illness care found positive associations between HIT and process measures of care, including guideline adherence, documentation quality, and treatment adherence; a mixed pattern was seen for care outcomes. 43 Particularly important to positive outcomes were applications that connected to electronic medical records or provided users with population health reports and feedback. With respect to diabetes, the acceptability to type 1 diabetes mellitus (T1DM)-affected youth of HIT tools for tracking health status and encouraging positive health behavior is suggested by process studies of glucose monitoring, but a mixed pattern for impact on physiological outcomes has been observed. Home-based telehealth interventions show promise in improving adolescent adherence to T1DM treatment when parents are involved. 44 Provision of motivational interviewing for glycemic control via telehealth channels is being assessed in trials and shows promise in case reports when peers are involved. 45 Feasibility of collecting blood glucose and data on health behaviors for T1DM management using a mobile phone system that supports shared views by patients and supporting physicians has been demonstrated. 46 Telehealth communications interventions improved adolescent self-efficacy over a 1-year trial but did not improve glycemic control. 47 Benefits of HIT for diabetes appear conditional on the role of social ties and patient engagement with peers to achieve improved disease management. Process measures generally improve with HIT, but physiological outcomes generally have not. [48] [49] [50] It is unclear whether this is because interventions provide insufficient timeliness, targeting, salience, or personalization-dimensions with potential to improve in the PCHR platform. Evaluation of the effects of engaging youth with their own health information and connecting them to clinically oriented and communityfacing support systems represents an important opportunity for advancing outcomes-oriented research.
Discussion
Achieving planned, safe, and appropriate health care transitions for maturing youth with diabetes is a critical issue and, as of yet, an unmet goal. 12 Nationally, only 6% of youth with special care needs achieve conditions for transitioning to adult life-health care, work, and independence. 51 Half of older youth with special care needs report that they have discussed care transitions with pediatric subspecialists. Of these, less than two-thirds have discussed a transition plan and only two-fifths have discussed adult care. 52 This picture applies to the growing number of youth with T1DM and other chronically ill youth. 53 One-third (31%) of adolescents with T1DM making health care transitions report 6-month gaps in care between a first adult and last pediatric visit, while 11% are lost to follow-up. 30 Adherence to recommended care processes and improved glycemic control can be achieved through intensive clinical management of diabetes, 54 including when tailored, targeted care is delivered by a nurse educator or case manager. [55] [56] [57] [58] Problems related to health care transitions among youth with diabetes persist despite shared concern about transitions among clinicians, patients, and families and despite broad stroke agreement about requirements for effective care transitions: timely and thorough preparation, readiness assessment, care planning, referrals, information transfer, monitoring, and follow-up.
1,53,59,60 These service factors and approaches have been integrated effectively with adults [61] [62] [63] and may be especially important for low-socioeconomic-status youth. 64 Bioinformatics tools that engage youth and young adults with their health information and that enable real-time reporting, assessment and layering of applications as part of information management may support comprehensive care and motivate engagement. This may be an especially fitting strategy for ameliorating risks related to health care transitions.
Use of the PCHR and associated applications layered onto a PCHR platform comprises a paradigm shift for the organization of health information systems, but one that is consistent with the tenets of the CCM and with conceptualizations of patient-and family-centered care for diabetes-affected youth.
2,3,10,65,66 Such an approach, while important, is unlikely to be a panacea. A comprehensive strategy needs to be in place that addresses the following challenges and opportunities:
• The sociology of diabetes care and structural barriers impacting its effective use by adolescents and emergent adults. Many factors are associated with poor health care transitions: cultural and organizational differences between pediatric and adult services that inhibit and delay effective transfer of patients, discontinuities in information systems that impede care coordination and continuity, 30, 60 poor communications and planning between providers/patients that create missed opportunities to prepare maturing youth and their families for transitions, 67 and gaps in insurance coverage. [68] [69] [70] [71] Systemic improvements may be necessary and "nudged" along 72 by the PCHR.
• Challenges around health and technology literacy. Greater access to and control by youth of their health records and health information may foster improved activation in health promotion and disease management; however, the demands on youth and their social and clinical supports to better understand health information and make effective use of it may be steep. Planning and resource allocation for technical assistance and support in this area will be especially important to ensure we activate and not abandon patients. While health literacy demands may be high, technology barriers for youth are likely to be low given secular trends in technology adoption.
• Effective management and education around privacy and confidentiality issues. To optimize engagement with these systems, solutions to privacy and confidentiality issues need to be worked out that satisfactorily map conventions for transitioning from parental to patient control of health information. 73 Adapting to the PCHR platform rules and conventions for sharing information and controlling health records will require attention, education, and oversight as these systems diffuse. Ultimately, patient control over access and sharing may best suit the complexity of social relationships and family configurations, allowing case-by-case flexibility.
• Maturation and value within the emerging marketplace of applications that dock to a PCHR. Success of the PCHR may be in the platform model that extends the value of the longitudinal record with applications, device connectivity, and services. Traction in these areas will be guaranteed by evidence of effectiveness and alignment with standards of care and maturing toward a rich ecosystem of applications and services that interoperate with the PCHR. As part of this, tools are needed that offer comprehensive, developmentally appropriate support for youth facing social, development, and health care transitions so they may more effectively manage their disease and avoid problems. 41, 74 • Evidence of safety and effectiveness. Demonstration evaluation that provides evidence of the broad applicability and benefits of the PCHR approach is needed, including for ameliorating care and reducing problems across the spectrum of at-risk groups, diabetes types, ages, and patient profiles.
Conclusion
Overall 
